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ABSTRACT . ^ 

Mo*el identification time**series data is essential 
to valid statistical tests of interventibuef fects. Hod^l 
identification is, at best^ inexact iir the so4ial and^ behavioral ^ 
sciences where oneiJrS often confi5i©nted with smalls numbers of 
obVervations. These problems' Ire disc^ussed, affid the resi3U>ts of ' 
independent identifications of 130 social and behavioral time-series ' 
by tuo judges are presented* The majority (75 percent) of the series 
were represented by one of four basic models: "white noise" (i.e., 
independent*' observations) ; first-order autoregressive ; first^order 
moving averages model in tlie first difference;, and "white noise" in 
the first difference, (Author) 
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\ Model Identification in Time-Series 7\nalxsis: Seme Empirical Itesults 
vailiam L. Padia ' ^ ^ ^ 

1^ • ; Laboratory of Educational' Research ' * ' 
xD School of Education * 

^ University- of Colorado 

ci ' Boulder, . Colorado 80302 , ' 

r-H , Hie interrupted tine-series e^rimehtal design has recently becsome 

O a useful nethodoloqy in the social sciences. Canpbell and Stanley (1963) 

^ ^ I sensitized social scieAtistjs to the nany possibilities for the desiqn but 

nuch of the thepreticcd frairework remained to be. discovered prior to formal 
ai:^:)lication. Box and Tiao(1965) and Box and Jenkins (1970). developed thfe 
basic ^statistical structure aid Glass, Willson and Gottman(1972) developed / 
the stifcistical machinery to test for intervention effects in time-series ^ 
studies 

The "success" of the apjilicatiart of these statistical methods depends- 
cn the pr^D^r identification of the underlying model assumed for the ^ata. 
tfiifortunatelYr model i<toitification remains a rather inexact pursuit. 
The inplications of incorrectly identifying a model are, in many cases, a . 
serious thr^t to the validity of the results. Ite fHirpose of this paper 
is to present the. results of the indqaertdent identification. of* some, 130 
• - time'-series by two judges and to, focus on some reley^t£- aspects of the model 

^ identification problem. " . ^ " . 

Most of the data wsre tak^ from r^seaKh repojrtis in social or behavioral 
publications. The series are not random sanples; they , represent personal 
choices of, one judge accunulated over the la^ several years. However, the 
series dpr reflect a variety of things observed (a.g. , a person, a city, a . . 
natici)>"^^aid a range of aw>Xications: alpha brain waves, crime rates', exam- 
ination scores, stock prx^s, word association test scores, students* 
time spent studying, learning curves, etc. Wie length of the series varied 
from less than 20 to over 200 time points. , 

Each judge identified the series by .c4>s6rving the oorrelogram or pattern 
of autoocorelations and peirtial autdoorrelations. Hie degree of differwc- 
ing d necessary to produce statiqnarity was first chc^en and then the ap- 
propriate 1^ and were selected to complete the idoi^f ication of the series 
as an ^o-Regressive-Integrated-Mpving-Averag^ model of order o, d and ^ , 
a {ARIMA(p,9',q)) . Agreement was obtaineH" on approximately 80% of the series 
with much of the 20% disagre^nent due to inherent model antoiguity. CSonsepsus 
was readied witli respect to the disagreemKits^-^md the serie^ were categorizedj^^ 
according to the value' of d and g[. ' ^ 
00 r /pproximatoly 75% of the non-seasonal series (18% of the series wer^ 

^^^^ identified as seasc^ial) were covered by four models: The '*v^te noise 
W process ARIMA(0,0,0) , 18%; the first-order autoregressive process ARIMA(1,0,0) , 
23%; "white noise" after .first differencing ARIMA(0,r,n) , 11%; the integrated 
moving-averages process ARI^1A(0,1,1V, 23%. .In no case was differencing 
above the second order required to prodiKse stationarity. H>e most 'often 
tj encountered models v^r^.the first-order autoregressive (23%) and tdie first- 
order integrated moving averages* ' 1 

Hie process of identifying these scries brought to lignt rather clearly 
some of ti^ prctolem areas regarding proper choice of p, d and q. Itte salioit 
ooitponents of model identification are the -following. ^ 1 
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admtifiring d« This is a critical a^ea sincse over-differensing a serids 
introdiKses clependency and under-differencing fails to renove dep^Ki^cy. In 
the series^ idenidf i^ abcxit half v;ere *=0. and half were d=l with oily 
6 . * 

nquiyalenoe of |tode^s . While unique itodel representation is desirable y there 

inherent airbiguities antxig ^iie various possibilities. For exanple, the 
ARIfflVf 1,0,1) with autoregressive pararet^r of one is fotmlly equiv- 
alent to the AR1MA<0.,1,1) , In q^ieral, the dioioe of r^resentation deperKis 
on the values of the autoreqifessive and noying-average pararreCers phi and 
^heta.v) 1 9 ^ ^ 

pete rministic ^^jft . Series with a oaisist^t rise or fall can be identified 
liy ' inspecting th^ nean of the dth difference. statistically sionificant 
non-zero mean iirplies the need for incorporation of a drift paramenter into 
the model fomalation. Alterratively, the raw series may be adjusx:ed td^ 
some base rate' to correct for the drift (e.g. , traffic fatality data adjusted 
by constant mile's driven) . * 

SeeiscnaJ Model . Seasonal models are idc^tif^le by Large autocorrelations 
^ at lag s, the length of the cycle. The series may be id^tified ^ seasonal 
and -represwtea as a ooRplex imiltiplicative model (e.g., (0,0,l)x(0,l,l) ) oj; 
bv adjusting the original series for cyclic fluctuaitions and tteny^ntify- • 
tng the adjusted ^ries. - r ^ / 

Changes in the Model . Series in the social and behavioral science, areas se^ 
to be uniquely beset with problems of the intervention altering the funda- 
mental nature of the series • For excftp^e, the 'Scaoidar^avian comtries* traffic 
series^ show marked discrepancies betMeeiV the pre and post-WWII periods. Proper, 
identification of both pre and pQSt-inten^ention series' is essential for 
' correct formalation into the statistical estimation phase of the intervention 
.effect., ' * 

While these ^problans appear fonnidable they can, for^'the nost-part, be 
reduoBd|iji,cQnplexity since most of the series actxaally enoc^tered in 
pre«±it^are rather sinple in formf. - , . 



REFCREriCES 




bxtCC.P. 4 J0nkin8>G.i^* Time 
and ctfntrol. San Franclac 



0 

"'Sarlas analys 
01 Holdaf^Day* 



yslg t f ora c aatlr yQ 



BoxtC.C.P. & Tiao>G«C. A change In lavel of a non-stationary 
tima-sarias. Blomatrlka , 1965t52» 181-192. 

Campball^D.T. & StanlaytJ.C* Experimental and quasi-'experl ^ 

want^I^daslgna for researcn . Chlcaoor Rand fftcNailv 4 ^ 
Co., 196^. ( Also appeara aa Ch. S$ ••Experimental and 
quasi-experimental dfsigAs for research on teachingi^' 
^ in GaQetN.L.<editor),^ Handbook of research on teaching * 
Chicagoi Rand WcNally, 1963.) ~P 

GlaaStG.Vi -ttllllson,V.L. i 4 Gpttman»J.«. Design and analysis 
of tima-eerlea experiments . Bouldart tbiorado Associated 
• Univaraity Prasst 1975« 



\ 



ERIC 



